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This is in response to the appeal brief filed on January 28, 2003. 
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(1) Real Party in Interest 

A statement identifying the real party in interest is contained in the brief. 

(2) Related Appeals and Interferences 

The brief does not contain a statement identifying the related appeals and 
interferences which will directly affect or be directly affected by or have a bearing on the 
decision in the pending appeal is contained in the brief. Therefore, it is presumed that 
there are none. The Board, however, may exercise its discretion to require an explicit 
statement as to the existance of any related appeals and interferences. 

(3) Status of Claims 

The statement of the status of the claims contained in the brief is correct. 

(4) Status of Amendments After Final 

The appellant's statement of the status of amendments after final rejection 
contained in the brief is correct. 

(5) Summary of Invention 

The summary of invention contained in the brief is correct. 

(6) Issues 

The appellant's statement of the issues in the brief is substantially correct. The 
changes are as follows: 
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For the sake of simplicity, the portion of obviousness claim rejections based on 
EP 01 18921 (Akiyama) in view of US Patent 5, 521,410 (Yamamoto) is hereby 
withdrawn by the examiner. 

Accordingly, the remaining issues are: 

Whether claims 1-4 and 9 are obvious under 35 USC § 103 over EP 01 18921 
(Akiyama) in view of U.S. Patent 6,207,993 (Ishimura), or, in the alternative, over 
Ishimura in view of Akiyama. 

(7) Grouping of Claims 

The rejection of claims 1-4 and 9 stand or fall together because appellant's brief 
does not include a statement that this grouping of claims does not stand or fall together 
and reasons in support thereof. See 37 CFR 1 .1 92(c)(7). 

(8) Claims Appealed 

The copy of the appealed claims contained in the Appendix to the brief is correct. 

(9) Prior Art of Record 

EP 01 1 8921 Akiyama et al. 09-1 984 

US 6,207,993 Ishimura et al. 03-2001 

(10) Grounds of Rejection 

The following ground(s) of rejection are applicable to the appealed claims: 
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Claim Rejections - 35 USC § 103 

The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 1 02 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

Claims 1-4 and 9 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over Akiyama (EP 01 18921 A2) in view of Ishimura (US 6,207,993), or, in the 
alternative, as being unpatentable over Ishimura in view of Akiyama. 

Akiyama discloses a semiconductor device (Figs. 2-4, a vertical power 
MOSFET), comprising: a silicon substrate (1); a first layer (12; n"); a second layer (13; 
n); and, a plurality of p-type diffusions (3) distributed uniformly with respect to each 
other into the surface of the second layer, defining p-n junctions therein, and being 
separated by invertible channels in the second layer, wherein the resistivity in the 
second layer is lower than that of the first one, as the impurity concentration in the 
second layer is higher than that in the first layer, and the thickness of the first layer is 
greater than that of the second one (see page 5, lines 3-1 3). 

Although Akiyama does not explicitly disclose that the doping impurities are 
uniformly distributed within each of the first and second layers, it is noted that the first 
and second layers in Akiyama are doped during epitaxial growth, and the only 
mentioned change of the flow rate of phosphene for the doping in Akiyama occurs 
between the ending of the growth of the first layer and the starting of the growth of the 
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second layer (see page 5, lines 7-9). Accordingly, the epitaxially grown first and second 
layers in Akiyama are regarded as inherently having a first and second concentrations 
of doping impurities uniformly distributed in the first and the second layers, respectively. 
And, the first and second uniform concentrations of doping impurities then inherently 
result in uniform resistivity in the first and second layers, respectively. 

Akiyama further teaches that one of the main objectives of making the 
semiconductor device is to provide the vertical power MOSFET with a low on-esistance, 
and that it is important to reduce the on-resistance as much as possible (page 3, lines 
3-8). 

Akiyama does not disclose that each of the plurality of p-type diffusions is formed 
within the second layer. 

However, Ishimura teaches to form a vertical power MOSFET (see Fig. 1; also 
see Fig. 15, and col. 9, lines 30-50) having a plurality of p-type diffusions (3) distributed 
uniformly with respect to each other into the surface of the second layer (12; n + ) which 
overlies a first layer (2; n'), wherein the plurality of p-type diffusions (3) are formed 
within the second layer. Ishimura further teaches that (see col. 1 1 , lines 1 1-20), by 
forming the plurality of p-type diffusions within the second layer, the vertical power 
MOSFET can have an on-resistance lower than the on-resistance of a vertical power 
MOSFET (shown in Fig. 18) in which the plurality of p-type diffusions extending from the 
second layer (12) into the first layer (2; also see col. 4, lines 29-58). In addition, 
Ishimura also teaches (see col. 11, lines 21-25) to add a breakdown suppression 
feature, i.e., a deep diffusion region (1 1 A), at the center of the vertical power MOSFET 
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and its periphery (see Fig1 .1,2 and 1 5; also see col. 1 0, line 46-65), for the purpose of 
maintaining high breakdown voltage (see col. 1 1, lines 21-25). 

Therefore, it would have been obvious to one of ordinary skill in the art at the 
time the invention was made to incorporate the plurality of p-type shallow base 
diffusions of Ishimura, along with (or without) the breakdown-suppression feature, into 
the semiconductor device of Akiyama, so that a device with lowered on-resistance 
suitable for applications that require high breakdown voltage (or not-too-high breakdown 
voltage) would be obtained. 

Or, in the alternative, claims 1-4 and 9 are unpatentable over Ishimura in view of 
Akiyama, as explained below: 

As discussed above, the semiconductor device disclosed in Ishimura (see Figs. 
1, 2 and 15, also see col. 10, line 46-65) comprises: a first layer (2; n") on a 
semiconductor substrate (1); a second layer (12; n + ); a plurality of p-type diffusions (3) 
distributed uniformly with respect to each other into the surface of the second layer (12; 
n + ), wherein the plurality of p-type diffusions (3) are within the second layer (12). 
Accordingly, Ishimura discloses the claimed invention defined in claims 1-4 and 9, 
except that Ishimura does not expressly disclose that the semiconductor substrate is 
formed of silicon and the doping impurities are uniformly distributed within each of the 
first and second layers. 

However, one of ordinary skill in the art would readily recognize that silicon 
substrate is commonly used as the semiconductor substrate for forming power 
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MOSFET devices with a well developed and commonly used silicon process as 
evidenced in Akiyama (see page 5, lines 1-2); and that, as also evidenced in Akiyama 
(see page 5, lines 3-13), the method of epitaxial growth is one of the few commonly 
used methods for forming high quality multiple semiconductor layers having different 
doping impurity concentrations, as it provides good control on the layer thickness and 
the doping impurity concentrations therein. As discussed before, the epitaxial ly grown 
first and second layers naturally have a first and second concentrations of doping 
impurities uniformly distributed in the first and the second layers, respectively. 

Therefore, it would have been obvious to one of ordinary skill in the art at the 
time the invention was made to incorporate the silicon substrate and the epitaxially 
grown first and second layers of Akiyama into the semiconductor device of Ishimura, so 
that a vertical power MOSFET would be obtained with a commonly used silicon process 
and with high quality in the first and second layers. And, in each of such epitaxially 
grown first and second layers, the doping impurity concentration and the resistivity 
would then be naturally uniform. 

(11) Response to Argument 

First, it is noted that appellant's arguments regarding Yamamoto (US 5, 521,410) 
have been considered but are moot in view of the withdrawal of the portion of 
obviousness claim rejections based on Akiyama in view of Yamamoto, as mentioned in 
Section 6 above. 
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Appellant's main arguments regarding the obviousness claim rejections based on 
the combination of Akiyama and Ishimura include: 

(A) . Akiyama and Ishimura cannot be combined to obtain the subject matter of 
claim 1 in that Akiyama requires the base regions to extend into a low conductivity 
region, which teaches away from the claimed invention of claim 1 (see the bottom 
paragraph in page 4 through the second paragraph in page 5 in the Brief). 

(B) . One skilled in the art would not be directed by Ishimura to modify Akiyama 
to include base regions that are wholly contained within a low resistivity layer in that 
such a modification without more (such as addition of regions 1 1 A) would not achieve a 
desirable outcome (see the third paragraph in page 6 through the bottom of page 7 in 
the Brief). 

These arguments have been fully considered but they are not persuasive, as 
explained below. 

With respect to Arguments A and B above, as discussed in the obviousness 
claim rejections above, Akiyama discloses a vertical power MOSFET (see Fig. 2), which 
teaches the claimed invention of claims 1-4 and 9, except that the base diffusion 
regions (3; i.e., the plurality of diffusions) in Akiyama are not wholly contained within the 
high conductivity second layer (13). However, Ishimura teaches that a vertical power 
MOSFET device shown in Fig. 18 with the base diffusion regions (3 and 1 1 ) being 
extended from the high conductivity second layer (12) into the low conductivity first layer 
(2) has an ill-effect on the on-resistance, increasing the on-resistance (see col. 4, lines 
53-58). To avoid such ill-effect on the on-resistance and to further lower the on- 
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resistance, Ishimura expressly teaches to form the base diffusion regions (3) wholly 
contained within the high conductivity second layer (12), as shown in Fig. 1 (also see 
col. 11, lines 11-29). In addition, Ishimura also teaches (see col. 11, lines 21-25) to add 
a breakdown-suppression feature, i.e., a deep diffusion region (1 1 A), at the center of 
the vertical power MOSFET and its periphery (see Fig1 .1,2 and 15; also see col. 10, 
line 46-65), for the purpose of maintaining high breakdown voltage (see col. 1 1 , lines 
21-25). 

Therefore, it would have been obvious to one of ordinary skill in the art at the 
time the invention was made to incorporate the a plurality of p-type shallow diffusions of 
Ishimura into the semiconductor device of Akiyama, in order to further lower the on- 
resistance. And, with the breakdown-suppression feature being added, the character of 
high breakdown voltage would also be obtained. 

Moreover, it is noted that much of the arguments in Arguments A and B above, 
especially in Argument A, are arguments against the references individually; and that 
one cannot show nonobviousness by attacking references individually where the 
rejections are based on combinations of references. See In re Keller, 642 F.2d 413, 
208 USPQ 871 (CCPA 1981); In re Merck & Co., 800 F.2d 1091, 231 USPQ 375 (Fed. 
Cir. 1986). In this case, although Akiyama teaches to form the vertical power MOSFET 
(Fig. 2) with the base diffusion regions (3) being extended into the low conductivity first 
layer (12) for maintaining high breakdown voltage (see page 4, lines 21-29), Akiyama 
does not support or suggest the assertion that forming the base diffusion regions wholly 
within the high conductivity second layer would always result in an unacceptably low 
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breakdown voltage. Even without the teachings of Ishimura, one of ordinary skill in the 
art would readily recognize that the depth of the base diffusion regions is an art- 
recognized result-oriented variable that directly affects the on-resistance, as admitted by 
Appellant (see the paragraph starting with "Ishimura et al." in page 7 of the Brief); and 
that lower on-resistance can be desirably and readily obtained by reducing the depth of 
the base diffusions for certain applications which requires very high current but with not- 
too-high or medium breakdown voltage. Based on the combined teachings of Akiyama 
and Ishimura, the artisan would readily realize that, with the base diffusion regions 
extended into the low conductivity first layer, Akiyama' device would still have a 
relatively high on-resistance due to the ill-effect on the on-resistance identified by 
Ishimura (col. 4, lines 52-58). Ishimura concurs with Akiyama on that the extension of 
the base diffusion regions into the low conductive first layer helps to maintain high 
breakdown voltage (see col. 3, lines 14-27, in Ishimura). However, after identifying the 
ill-effect on the on-resistance associated with the extension of the base diffusion 
regions, Ishimura provides a remedy to overcome the ill-effect and to further lower the 
on-resistance (see col. 1 1 , lines 1 1-25). Accordingly, the teachings of Ishimura do not 
contradict to the teachings of Akiyama; instead, the former manifest an improvement to 
the later. And the artisan would be encouraged by Ishimura to modify Akiyama's device 
in order to overcome that ill-effect so as to further reduce the on-resistance, while still 
maintaining its high breakdown voltage. 

In addition, with respect to Argument A above, it is further noted that Akiyama's 
discusses on the correlation between the breakdown voltage and the resistivity and/or 
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the resistivity limit of the high resistivity drain region (see page 2, lines 22-27) is 
provided to explain the drawbacks of a vertical power MOSFET in which the base 
diffusion regions are entirely formed in the single high resistivity drain region. Thus such 
a discussion is not particularly relevant to the vertical power MOSFET in which the 
single high resistivity drain region is already replaced with a high conductive second 
layer and a low conductivity (i.e., high resistivity) first layer underlying the second layer. 

In argument A, Appellant also asserts that "Akiyama proposes extending the 
bottom of each base region into the high resistivity layer 12, so that the depletion layers 
caused by the reverse voltage may expand and link up, rather than concentrate on the 
corners of the base regions to cause breakdown" (see the top paragraph of page 5 in 
the Brief). However, this assertion is not fully supported in Akiyama. Akiyama clearly 
explains that, in the vertical power MOSFET shown in Fig. 2, "the breakdown voltage is 
primary determined in the lower parts of the well regions 3" (see page 4, lines 28-29). 
And the lower parts therein apparently include not just the bottom of the well regions (3) 
but also the lower corners of the well regions (3), as shown in Fig. 2, since the depleted 
region (D) conforms and covers each of the lower corners. Following the natural trend 
admitted by Appellant that the electric field lines are heavily concentrated around the 
corners of the base regions (see the bottom paragraph of page 4 in the Brief), the 
breakdown voltage in the vertical power MOSFET of Fig. 2 in Akiyama should then still 
be primary determined in the lower corners of the well regions (3). 

In further response to Argument B above, contrary to Appellant's allegation that 
"Ishimura et al. teaches that disposing the base regions within a low resistivity layer is 
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undesirable" (see the bottom paragraph of page 7 in the Brief), forming the base regions 
within the low resistivity layer (see layer 12 in Fig. 1 of Ishimura; i.e., the high 
conductivity second layer) is the main feature advocated by Ishimura (see col. 1 1 , liens 
1 1-20) for overcoming the ill-effect on the on-resistance associated with the base 
regions being extended into the low conductivity first layer (see Fig. 18 and col. 4, lines 
53-58). Moreover, Ishimura also teaches to add a breakdown suppression feature, i.e., 
a deep diffusion region (1 1 A) added at the center of the vertical power MOSFET and its 
periphery (see Fig1 .1,2 and 15; also see col. 10, line 46-65), for the purpose of 
maintaining high breakdown voltage (see col. 11, lines 21-25). Therefore, the artisan 
would be encouraged and directed by Ishimura to modify the device of Akiyama by 
forming the base diffusion regions within the high conductivity second layer in order to 
achieve a desirable outcome of lower on-resistance, or, by also adding the breakdown 
suppression feature of Ishimura in the device, in order to achieve a desirable outcome 
of lower on-resistance and high breakdown voltage. 

In view of the above discussions, it is also apparent that, in the alternative, the 
instant invention defined in claims 1-4 and 9 are obvious over Ishimura in view of 
Akiyama, because it would be obvious for the artisan to form the vertical power 
MOSFET of Ishimura by forming the first and second layers through epitaxial growth on 
a silicon substrate, as taught in Akiyama. The artisan would be motivated to do so, 
since, as evidenced in Akiyama, the artisan would readily recognize that silicon 
substrate is the most commonly used substrate in the industry and that the method of 
epitaxial growth is one of the few commonly used method for forming high quality 
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multiple semiconductor layers having different doping impurity concentrations. The 
artisan would still be motivated to do so, even though Akiyama teaches to form the base 
diffusion regions extending into the low conductivity first layer, because the artisan 
would readily recognize that the epitaxial growth method would always result in high 
quality in the first and second layer, regardless whether or not the base diffusion regions 
are wholly within the second layer, as the first and second layers would always be 
formed prior to the formation of the base diffusion regions, and also because the artisan 
would always be fully aware of the drawbacks in the device of Akiyama and the remedy 
to it, based on the thorough teachings in Ishimura. 
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For the above reasons, it is believed that the rejections should be sustained. 



Shouxiang Hu. 
March 25, 2003 
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